Introduction
Cervical cancer is the most common cancer in females in Thailand. In the year of 2005, the incidence of cervical cancer in northern Thailand was 23.5 per 100,000 [1] .
In case of inoperable or locally advanced stages, radiotherapy (external beam radiotherapy plus brachytherapy) plays a major role in the theraputic management of this setting. Intracavitary brachytherapy for cervical cancer has been historically used for treatment based on x-ray concepts. According to the developments of ImageGuided Brachytherapy (IGBT) for the treatment of cervical cancer, many publications recently supported these novel techniques to improve the treatment results and betterments of bladder and rectum morbidities were reported extensively in these publications [2] - [5] .
Vaginal toxicity, especially vaginal stricture, is the most common late toxicity that may cause the problem to quality of life. However, vaginal doses were not specifically addressed to most publications. To report vaginal dose burdens, vaginal dose points have been defined at the vaginal source level. Traditionally, the vagina has been defined as relatively radioresistant organs with low incidence of severe late radiation toxicity of only 1% -7% [6] [7] . However, recent publications by Gondi et al. showed higher incidence of late vaginal toxicity in chemoradiation group [8] . Limited reported data onto vaginal effects of image-guided brachytherapy in volume and point approaches are available [9] .
In our institute, image-guided brachytherapy was introduced and validated in specific research projects and showed promising interim outcome results and toxicity profiles [10] . However, vaginal toxicity was not reported so far. Thus, we performed this retrospective study to evaluate the effect of image-guided brachytherapy in vaginal dose points and toxicity profiles for patients treated by IGBT in our institute.
Materials and Methods
After approval from the ethics committee, patients who were treated with for radical radio-chemotherapy with IGBT for locally advanced cervical cancer in The Division of Therapeutic Radiology and Oncology, Faculty of Medicine, Chiang Mai University during January 2010-December 2011 were enrolled to evaluate the vaginal toxicity during the follow-up program. All patients were classified IIB-IIIB by FIGO clinical staging with upper one-third vaginal involvement, were between 18 -70 years old and had good performance status. Patients with severe co-morbidity, emergency conditions (e.g. bleeding) that could not permit delays in treatment, pregnancy, history of previous irradiation or allergy were excluded from the study. Consent forms were signed by each patient prior to enrollment. Treatment schedules for these patients were shown as the followings.
Whole Pelvic Radiotherapy (WPRT)
All patients received EBRT of 45 Gy using Three-Dimensional Conformal Radiotherapy (3D-CRT) or Intensity-Modulated Radiation Therapy (IMRT). At the beginning, a Computed Tomography (CT) simulation was performed. The pelvic region from the L1-2 interspace to the whole vagina was scanned without intravenous contrast to obtain appropriate images of the patients in supine treatment positions and legs relaxed on the table. The slice thickness of CT scans was 5 mms without an inter-slice gap. After imaging processes was completed, Image data was sent to the Contouring and Treatment Planning. For the identification of Clinical Target Volume (CTV), the RTOG/JCOG recommendations were used in combinations of a guide to contourings [11] - [14] . The CTV was composed of cervix, uterus, adnexaes, the upper half of the vagina, and pelvic lymph nodes (common iliac Lymph Nodes [LNs], external iliac LNs, internal iliac LNs, obturator LNs and presacral LNs). Planning Target Volume (PTV) was defined by CTV plus 0.7 -1.5 cm margin. Bladder, rectum, sigmoid colon, bowels and head of femurs were contoured as Organs At Risks (OARs). For CTV, the dose of 1.8 Gies per fraction, five fractions per week was prescribed to the total dose of 45 Gy. The D98 (dose at 98% of volume) of CTV was calculated. For OARs, the doses at D2% of the bladder, rectum and sigmoid colon were recorded for dose evaluation. During irradiation, patients were advised to preparing the bladder and rectum such as with CT simulations. Electronic Portal Imaging Devices (EPID) was used weekly to evaluate and correct for actual position. The CTV and OARs doses were calculated into equivalent dose in 2 Gy-fractions (EQD2) using the linear-quadratic model and assuming α/β ratio = 10 for tumor and α/β ratio = 3 for OARs [15] .
Concurrent Chemoradiation
Concurrent chemoradiation with weekly cisplatin 40 mg/m 2 for a maximum of five cycles was given to patients with an indication of combined radio-chemotherapy with sufficient kidney and bone marrow function. The dose of chemotherapy was modified according to a weekly assessment of creatinine clearance prior to each applied dose. Chemotherapy was interrupted when creatinine clearance was less than 40 ml/min and considered to be stopped when creatinine clearance was less than 30 ml/min.
Image-Guided Brachytherapy (IGBT)
One-hundred and four applications in 26 patients of Image-Guided Brachytherapy (IGBT) with CT or Magnetic Resonance Imaging (MRI) were evaluated and 85.6% (89/104 applications) of them were CT-based approaches. Tandem-ovoid or tandem-ring applicators were used for these patients. For MRI, GEC-ESTRO definitions were used to identify target volumes e.g. Gross Tumor Volume (GTV) or High-Risk Clinical Target Volume (HR-CTV), and OARs [16] . Dose-volume histograms were calculated to consider the adequate dose to HR-CTV and limitations of OARs. In CT imaging, all HR-CTV and OARs were contoured according to the CT-standardized Contour Guidelines of Viswanathan et al. [17] . For the planning system, we used PLATO software (software BPS version 3.3.2 ® , Nucletron, an Elekta company, Elekta AB, Stockholm, Sweden) for the contouring and planning process. The prescribed dose started to 7 Gy per fraction to point A for all patients. Dose-Volume Histograms (DVHs) to HR-CTV and OARs were evaluated as point-based plan. Optimization was performed when the DVHs to HR-CTV and OARs did not correlate to GEC-ESTRO recommendations and aimed to keep the cumulative dose at 90% of HR-CTV to be at least 7 Gy per fraction. After optimization, the DVHs to HR-CTV and OARs were evaluated again as volume-based plan and patients were treated by optimized plan. The dose constraints on both volume-based to plan and point-based plan were recorded. For HR-CTV, the D90 (minimum dose covering 90% of target volume) of HR-CTV in all patients was recorded. For OARs, the D2cc (representing the minimum doses calculated at the most irradiated 2 cc volumes) of the bladder, rectum, and sigmoid colon were recorded. The HR-CTV and OARs total doses (WP-RT and IGBT) were calculated into equivalent doses in 2 Gy-fractions (EQD2) using the linear-quadratic model and assuming α/β ratio = 10 for tumor and α/β = 3 for OAR [15] . The EQD2 of WPRT and IGBT were added to evaluate the volume-based plan with regards to the DVH constraints corresponding to a prescribed dose of at least 80 Gy in EQD2 for tumor (D98% of WP-IMRT plus D90% of IGBT). For the OAR, total doses (D2% of WP-IMRT plus D2cc of IGBT) constraints maintained ≤75 Gy in EQD2 for rectum/sigmoid and ≤90 Gy in EQD2 for the bladder, respectively [18] .
Vaginal Point Identifications
To evaluate the vaginal doses, the two vaginal point doses on right and left sides (VR and VL) according to American Brachytherapy Society (ABS) guidelines were used to identify the vaginal dose points [19] (Figure 1) .
The cumulative doses in Equivalent Dose of 2 Gy (EQD2) at vaginal dose points were calculated with the α/β of 3 for each patient in terms of point-based planning (point A prescription) and volume-based planning (D90 of HR-CTV). The vaginal-point doses were recorded in both sides of the vagina to be right and left vaginal-point doses (VR and VL). The VR and VL dose for both volume-based plan and point-based plan were recorded to evaluate.
Evaluation
After the treatment was completed, patients were appointed to a vaginal examination (PV exam) in a follow-up program. Late complications from RT are defined as side effects developing 3 months after RT completion. For each endpoint, the grade in late morbidity will be the maximal grade ever recorded, even if the side effect later subsided. The data will be retrospectively collected from treatment data and patient record of each patient. Vaginal stricture was evaluated and recorded according to National Cancer Institute, USA; Common Terminology Criteria of Adverse Event (CTCAE) version 4.0.
Statistical Analysis
The Statistical Package for Social Sciences (SPSS) version 17 was used for analysis of the vaginal doses. Descriptive statistics were used to evaluate the mean dose and standard deviation of vaginal-point doses in each fraction and cumulative dose in EQD2 concepts. For one patient, the cumulative dose points in EQD2 concepts at VR and VL were evaluated and the higher one was chosen to evaluate the relationship to vaginal toxicity as maximally vaginal dose (Vmax) of each patient. For evaluation of cumulative vaginal doses and vaginal stricture, Mann-Whitney test was used to evaluate.
Results
From January 2010 to December 2011, twenty-six patients were enrolled and evaluated with the median age of 53.7 years old. Seventeen of them were stage IIB according to FIGO staging. All characteristic data is shown in Table 1 .
The mean doses and standard deviations of D90 of HR-CTV, D2cc of bladder, D2cc of rectum and D2cc of sigmoid colon were 95.6 ± 8.8 Gy, 84.5 ± 7.7 Gy, 66.8 ± 5.9 Gy and 70.8 ± 6.3 Gy, respectively. The mean doses to right vaginal dose point (VR), left vaginal dose point (VL) and average dose of ( ) ( ) VR VL VR VL 2 + were 101.5 Gy, 98.2 Gy and 99.8 Gy in EQD2 concepts, respectively. In comparison to point-based planning, volume-based planning significantly reduced the cumulative dose in EQD2 concepts at vaginal points. All data was shown in Table 2 .
At the median follow-up time of 22 months (IQ range 19 -23 months), no grade 3 vaginal stricture was observed. Sixteen patients (61.5%) developed to grade 1 -2 toxicity and ten patients developed grade 0 vaginal stricture. All profiles are shown in Table 3 . Table 1 . Characteristic data for the group in this study. The incidences of vaginal stricture were not differed between the cumulative dose to vaginal dose points in EQD2 concepts of ≤90 Gy versus >90 Gy (P = 1.000) and ≤100 Gy versus >100 Gy (P = 0.815). All data was shown in Table 4 .
Discussion
The measurement of vaginal dose has been debated for a long time. No definite data onto vaginal dose evaluation and related toxicities was reported. According to ABS recommendations, point-based evaluation still use [19] . With the new era of IGBT, many trials were performed to evaluate the correlation in volume-based concepts. Berger et al. and Fidarova et al. reported that dose volume parameter D2cc does not correlate with vaginal side effects of individual patients. The mean dose reported (D2cc) to the upper vagina which receives very high doses was 141 Gy EQD2 and no correlation could be demonstrated between D2cc dose volume parameter and the vaginal toxicity. Moreover, Rai et al. reported the evaluation of vaginal doses and toxicity in image-guided brachytherapy for cervical cancer. They found no association with the dose volume parameters and vaginal toxicity. The reasons can be due to difficulty in assessing the dose to the vagina as high variations in the contouring and geometric positioning that have been reported using both point dose values and DVH parameters for the vaginal wall [9] [20] [21] .
In our study, volume-based planning significantly reduced the cumulative dose in EQD2 concepts at vaginal points. The incidence of vaginal stricture in our study was 61.5% in comparison to vaginal toxicity of 85.3% from the publication of Pötter et al. [2] . Moreover, the incidences of vaginal stricture were not differed between the cumulative dose to vaginal dose points in EQD2 concepts of ≤90 Gy versus >90 Gy (P = 1.000) and ≤100 Gy versus >100 Gy (P = 0.815). After treatment finished, our patients were encouraged to perform dilation. This procedure may reduce the incidence of vaginal stricture in our study. Unfortunately, Miles et al. reported that no reliable evidence to suggest that routine dilatation prevented vaginal toxicity [22] .
However, this study has some limitations. The vaginal doses were evaluated according to ABS recommendations might not represent to the overall vaginal dose. The other performed to approach for vaginal dose evaluation is using additional dose points. The study by Westerveld et al. reported the vaginal dose concepts that defined the points of/in the level of Posterior-Inferior Border of Symphysis (PIBS) with ±2 cm in supero-inferior aspects in four quadrants the vagina (3/6/9/12 o clock). At the vaginal surface at ring level measured doses were respectively 266.1 Gy (67.6 -814.5)/225.9 Gy (61.5 -610.5) at 3/9 o'clock, and 85.1 Gy (55.4 -140.3)/72.0 Gy (49.1 -108.9) at 12/6 o'clock [23] . However, identification the thickness of vagina in many directions need MRI images that could not be approached in all institutions. In the CT-based treatment, the optimally vaginal dose 
Conclusion
In conclusion, there was no association found between calculated cumulative vaginal doses and events of vaginal stricture in this study. Future evaluation in many points of the vagina according to PIBS may reveal more information.
